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We calculate the spin independent neutralino-proton cross section for universal SUGR A, 
non universal SUGRA and D-brane models with R-parity invariance. The regions of 
maximum cross section in these models has started to be probed by the current detectors. 

The minimum cross section generally is ~ 1 X 10 — ( 9— 10 )pb and hence will be accessible 
in the future detectors, barring special regions of parameter space where it can reduce 

to ~ 10~ 12 pb. However, the squarks and gluinos will be heavy (~1 TeV) in the latter 
case, but still accessible at the LHC. 

We consider here the models based on gravity mediated supergravity (SUGRA), 
where the LSP is generally the lightest neutralino (xT)- Neutralinos can be detected 
directly in dark matter experiments by their elastic scattering with nuclear targets. 
For heavy nuclear targets, such scattering is dominated by the spin independent 
part and it is possible to extract then the spin independent neutralino -proton cross 
section, cr^o_ p . Current experiments (DAMA, CDMS, UKDMC) have sensitivity 
to x? f° r 

cr^o_ p ~ 1 x l(T 6 pb (1) 
and future detectors (GENIUS, Cryoarray) plan to achieve a sensitivity of cr^o_ p ~ 

(io- 9 -io- 10 ) P b. 

We calculate the cross section in three models based on unification of the 
gauge coupling constants at Mo = 2 x 10 16 GeV: (1) Minimal super gravity GUT 
(mSUGRA) with universal soft breaking at Mq, (2) Nonuniversal soft breaking 
models, and (3) D-brane models (based on type LIB orientifoldsa) . In these models, 
we examine the part of the parameter space being probed by current experiments 
and the smallest value of er^o_ p the models arc predicting. 

The parameter space of these models is restricted by the following constraints!. 
(lLThe electroweak symmetry is radiatively broken. (2) The neutralino relic density 
isl 0.02 < Q^oh 2 < 0.25. (3) We impose the recent collider bounds (LEP0 and 
Tevatroncl) . (4]_We also impose the CLEO constraints! on BR(6 — > sj). We follow 
the analysis of to convert xj-quark cross section to X\-r V scattering. For this, we 
use a vN = 65 MeV I, <r = 30 Mevi and r= 24.4 ± 1.50. 

In mSUGRA model, (cr^o_ p ) max arises for large tan/? and small m\/2- In Fig.l 
(er^o„ p ) max is plotted vs. m^o for tan/3=20, 30, 40 and 50. Current detectors are 
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sampling the parameter space for large tan /3, small m^o (and also small Q,^oh 2 ) 

tan/3 ~ 25; m^o ~ 90 GeV; Q^oh 2 ~ 0.1. (2) 

We have used m < 1 TeV, mi/2 < 600 GeV (corresponding to rrig < 1.5 TeV, 
to^o < 240 GeV), \A /m \ < 5, and 2< ton/3 < 50. 

The minimum cross section occurs at small tan/3. For m^o ~ 150 GeV (mj^ < 
350) where no coannihilation occurs, one finds 

a^o_ p ~ 4 x 10~ 9 pb; m^o ~ 140GeV (3) 

which would be accessible to detectors that are currently being planned (e.g. GE- 
NIUS). For larger m^o, i.e. mi/2 ~ 150 GeV the phenomena of coannihilation can 
occur in the relic density analysis since the light stau, f\, (and also en, flu) can 
become degenerate with the Xi- The relic density constraint can then be satisfied 
in narrow corridor of ttiq of width Amo ~ 25 GevQ. 

Fig. 2 shows cr^o_ p in the domain of large Ao and for two values of tan/3 for fi > 
(sign convention of ISAJET)E1. The smaller tan/3 gives the lower cross section for 
smaller m\j%. In this case we have cr^o„ p ~lx 10~ 9 pb, form^ < 600GeV, /i > 
and Aq < 4m 1 / 2 . This is still within the sensitivity range of proposed detectors. 

A surprize cancellation can occur in part of the parameter space for negative /i 
in the coannihilation region which can greatly reduce v^o-p Fig- 3, the cross 

section becomes a minimum (= 1 x 10~ 12 ) at about tan/3=10, and then increases 
again for larger tan/30. In this domain, a^o _ p would not be accessible to any of the 
currently planned detectors. However, mSUGRA predicts that this could happen 
for TOx/a = 600 GeV i.e. only when the gluino and squarks have masses greater 
than 1 TeV (and only for a restricted region of tan/3). 

In the SUGRA models with nonuniversal soft breaking, we assume that the 
Higgs and third generation squark and slepton masses become nonuniversal. It is 
possible to greatly increase a^.o_ p , by a factor of 10-100 compared to the universal 
case by a suitable choice of nonuniversality. The current detectors can probe part of 
the parameter space for tan/3 as low as tan/3 ~ 4. c^o_ p . occurs (as in mSUGRA) 
at the lowest tan/3 and at the largest JTI1/2 i.e. in the coannihilation region. For 
// < 0, there can again be a cancellation of matrix elements reducing the cross 
section to 10~ 12 pb when mi/2 = 600 GeV, tan/3 ~10 in a restricted part of the 
parameter space. 

For the D-brane model, the lowest value of tan/3 that can be examined by the 
current detectors is fifteen. We have a^o_ rt ~ 10~ 9 pb for a > 0, while a 
cancellation allows cr^o_ p to fall to 10~ 12 pb for u < at tan/3 ~ 12E 2 ] (with again 
a gluino/squark mass spectrum in the TeV domain). 
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Figure 1: (c^o_ p ) max for mSUGRA obtained by varying Aq and mo over the 
parameter space for tan/3 = 20, 30, 40, and 50 [5]. The relic density constraint has 
been imposed. 




Figure 2: (a-^a_ p ) for mSUGRA in the coannihilation region for tan/3 = 40 (upper 
curve) and tan/3 = 3 (lower curve), A = 4m 1 / 2 , H > 0[6]. 




Figure 3: (cr^o„ p ) for mSUGRA and fi < for (from top to bottom on right) 
tan/3=20, 5 and 10. Note that for tan/3 > 10, the curves terminate at the left due 
to the b — > S7 constraint [6]. 



